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The medium modification of vector meson masses is studied taking into account the quantum
correction effects for the hot and dense hadronic matter. In the framework of Quantum Hadro-
dynamics, the quantum corrections from the baryon and scalar meson sectors were earlier com-
puted using a nonperturbative variational approach through a realignment of the ground state with
baryon-antibaryon and sigma meson condensates. The effect of such corrections was seen to lead to
a softer equation of state giving rise to a lower value for the compressibility and, an increase in the
in-medium baryonic masses than would be reached when such quantum effects are not taken into
account. These quantum corrections arising from the scalar meson sector result in an increase in
the masses of the vector mesons in the hot and dense matter, as compared to the situation when
only the vacuum polarisation effects from the baryonic sector are taken into account.
PACS number: 21.65.+f,21.30.+y
I. INTRODUCTION
The effective masses of the vector mesons (ω,ρ and φ) in the hot and dense matter have attracted a lot of interest in
the recent past, both experimentally [1,2] and theoretically [3–7]. Brown and Rho came with the hypothesis that the
vector meson masses drop in the medium according to a simple (BR) scaling law [3], given as m∗V /mV = f
∗
pi/fpi, where
fpi is the pion decay constant and asterix refers to in-medium quantities. There have been approaches based on QCD
sum rules [4,5] which confirm such a scaling hypothesis [4] with a saturation scheme that leads to a delta function at
the vector meson pole and a continuum for higher energies for the hadronic spectral function. It is however seen that
such a simple saturation scheme for finite densities does not work and a more realistic description for the hadronic
spectral function is called for [6]. Using an effective Lagrangian model to calculate the hadronic spectral function, it
is seen that such a universal scaling law is not suggested for in-medium vector meson masses [7].
In the conventional hadronic models [8,9], on the other hand, the masses of the vector mesons stay constant or
increase slightly, in the mean field approximation, i.e., when the polarization from the Dirac sea is neglected [9].
With the inclusion of quantum corrections from the baryonic sector, however, one observes a drop in the vector
meson masses in the medium in the Walecka model [10–12]. This medium modification of the vector meson masses
plays an important role in the enhanced dilepton yield [13] for masses below the ρ resonance in the heavy ion
collision experiments [1,2]. It has been emphasized recently that the Dirac sea contribution (taken into account
through summing over baryonic tadpole diagrams in the relativistic Hartree approximation (RHA)) dominates over
the fermi sea contribution and m∗ω/mω < 1 is caused by a large dressing of N¯N cloud in the medium [12]. It was
earlier demonstrated in a nonperturbative formalism that a realignment of the ground state with baryon-antibaryon
condensates was equivalent to the relativistic Hartree approximation [14]. The ground state for the nuclear matter
was extended to include sigma condensates to take into account the quantum correction effects from the scalar meson
sector. Such a formalism includes multiloop effects and is self consistent. The methodology was then generalized to
consider hot nuclear matter [15] as well as to the situation of hyperon-rich dense matter [16]. In the present work, we
study the effect of such quantum corrections on the in-medium vector meson masses.
We organize the paper as follows. We first briefly recapitulate the nonperturbative framework used for studying
the quantum correction effects in hot nuclear matter in section II. The medium modification of the ω and ρ meson
masses are considered in section III. We also examine the effect of quantum corrections on the in-medium vector meson
masses in dense hyperon-rich matter in section IV, where it is observed that the medium modification to the strange
vector meson (φ) is small compared to that of the vector ω meson. This is because, in the hyperonic matter with
quantum effects taken into account [16], the masses of the hyperons remain rather insensitive to density, unlike the
in-medium nucleon masses which change appreciably with density, and further, because the φ-mesons do not couple
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to the nucleons [11]. On the other hand, ω meson mass gets contribution also from the nucleonic sector. In section
V, we summarize the results of the present work and discuss possible outlook.
II. QUANTUM VACUUM IN HOT NUCLEAR MATTER
We briefly recapitulate here the vacuum polarisation effects arising from the nucleon and scalar meson fields in
hot nuclear matter in a nonperturbative framework [15]. The method of thermofield dynamics (TFD) is used here
to study the “ground state” (the state with minimum thermodynamic potential) at finite temperature and density
within the Walecka model. The temperature and density dependent baryon and sigma masses are also calculated in a
self-consistent manner in the formalism. The ansatz functions involved in such an approach are determined through
minimisation of the thermodynamic potential.
The Lagrangian density in the Walecka model is given as
L = ψ¯(iγµ∂µ −M − gσσ − gωγµωµ)ψ + 1
2
∂µσ∂µσ − 1
2
m2σσ
2 − λσ4
+
1
2
m2ωω
µωµ − 1
4
(∂µων − ∂νωµ)(∂µων − ∂νωµ). (1)
In the above, ψ, σ, and ωµ are the fields for the nucleon, σ, and ω mesons with masses M, mσ, and mω respectively.
The quartic coupling term in σ is necessary for the sigma condensates to exist, through a vacuum realignment [14]. We
retain the quantum nature of both the nucleon and the scalar meson fields, whereas, the vector ω– meson is treated as
a classical field, using the mean field approximation for ω–meson, given as 〈ωµ〉 = δµ0ω0. The reason is that without
any quartic or any other higher order term for the ω-meson, the quantum effects generated due to ω-meson through
the present variational ansatz turns out to be zero.
The Hamiltonian density can then be written as
H = HN +Hσ +Hω, (2)
with
HN = ψ†(−iα ·▽+ βM)ψ + gσσψ¯ψ, (3a)
Hσ = 1
2
σ˙2 +
1
2
σ(−▽2)σ + 1
2
m2σσ
2 + λσ4, (3b)
Hω = gωω0ψ†ψ − 1
2
m2ωω
2
0 . (3c)
We may now write down the field expansion for the nucleon field ψ at time t = 0 as [14]
ψ(x) =
1
(2π)3/2
∫
[Ur(k)cIr(k) + Vs(−k)c˜Is(−k)] eik·xdk, (4)
with cIr and c˜Is as the baryon annihilation and antibaryon creation operators with spins r and s respectively, and U
and V are the spinors associated with the particles and antiparticles respectively [14]. Similarly, we may expand the
field operator of the scalar field σ in terms of the creation and annihilation operators, at time t = 0 as
σ(x, 0) =
1
(2π)3/2
∫
dk√
2ω(k)
(
a(k) + a†(−k)) eik·x. (5)
In the above, ω(k) =
√
k
2 +m2σ. The perturbative vacuum is defined corresponding to this basis through a | vac〉 =
0 = cIr | vac〉 = c˜†Ir | vac〉.
To include the vacuum polarisation effects for hot nuclear matter, we shall now consider a trial state with baryon–
antibaryon and scalar meson condensates and then generalize the same to the finite temperatures and densities [14].
We thus explicitly take the ansatz for the trial state as
|F 〉 = UσUF |vac〉, (6)
2
with
UF = exp
[ ∫
dk f(k) c†Ir(k) arsc˜Is(−k)− h.c.
]
(7)
Here ars = u
†
Ir(σ · kˆ)vIs and f(k) is a trial function associated with baryon-antibaryon condensates. For the scalar
meson sector, Uσ = UIIUI where Ui = exp(B
†
i − Bi), (i = I, II). Explicitly the Bi are given as
B†I =
∫
dk
√
ω(k)
2
fσ(k)a
†(k), BII
† =
1
2
∫
dkg(k)a′
†
(k)a′
†
(−k). (8)
In the above, a′(k) = UIa(k)U
−1
I = a(k) −
√
ω(k)
2 fσ(k) corresponds to a shifted field operator associated with the
coherent state [14,17] and satisfies the usual quantum algebra. Further, to preserve translational invariance fσ(k) has
to be proportional to δ(k) and we take fσ(k) = σ0(2π)
3/2δ(k). σ0 corresponds to a classical field of the conventional
approach [14]. Clearly, the ansatz state is not annihilated by the operators, c, c˜† and a. However, one can define
operators, d, d˜† and b, related through a Bogoliubov transformation to these operators, which will annihilate the state
|F 〉.
We next use the method of thermofield dynamics [18] to construct the ground state for nuclear matter at finite
temperature. Here the statistical average of an operator is written as an expectation value with respect to a ‘thermal
vacuum’ constructed from operators defined on an extended Hilbert space. The ‘thermal vacuum’ is obtained from
the zero temperature ground state through a thermal Bogoliubov transformation. We thus generalise the state, as
given by (6) to finite temperature and density as [14,17]
|F, β〉 = Uσ(β)UF (β)|F 〉. (9)
The temperature-dependent unitary operators Uσ(β) and UF (β) are given as [18]
Uσ(β) = exp
(
1
2
∫
dkθσ(k, β)b
†(k)b†(−k)− h.c.
)
. (10)
and
UF (β) = exp
(∫
dk
[
θ−(k, β) d
†
Ir(k) d
†
Ir(−k) + θ+(k, β) d˜Ir(k) d˜Ir(−k)
]
− h.c.
)
. (11)
The underlined operators are the operators corresponding to the doubling of the Hilbert space that arise in thermofield
dynamics method. We shall determine the condensate functions f(k) and g(k), and the functions θσ(k, β), θ−(k, β)
and θ+(k, β) of the thermal vacuum through minimisation of the thermodynamic potential. The thermodynamic
potential is given as
Ω ≡ −p = ǫ − 1
β
S − µρB, (12)
where ǫ and S are the energy- and entropy- densities of the thermal vacuum, and ρB is the baryon density. The ansatz
functions used in the definition of the thermal vacuum are determined through the minimisation of the thermodynamic
potential. Then subtracting out the pure vacuum contribution and carrying out the renormalisation procedures for
the baryonic and scalar meson sectors [15], we obtain the expression for the energy density as
ǫren = ǫ
(N)
finite +∆ǫren + ǫω +∆ǫσ, (13)
with,
ǫNfinite = γ(2π)
−3
∫
dk(k2 +M∗2)1/2(sin2 θ− + sin
2 θ+) (14a)
∆ǫren = − γ
16π2
(M∗4 ln
(M∗
M
)
+M3(M −M∗)− 7
2
M2(M −M∗)2
+
13
3
M(M −M∗)3 − 25
12
(M −M∗)4) (14b)
3
ǫω = gωω0ρ
ren
B −
1
2
m2ωω
2
0 , (14c)
∆ǫσ =
1
2
m2Rσ
2
0 + 3λRσ
4
0 +
M4σ
64π2
(
ln
(M2σ
m2R
)
− 1
2
)
− 3λRI2f
− M
4
σ,0
64π2
(
ln
(M2σ,0
m2R
)
− 1
2
)
+ 3λRI
2
f0, (14d)
as the mean field result, contribution from the Dirac sea, and contributions from the ω and σ mesons respectively. In
the above, sin2 θ∓ are the distribution functions for the baryons and antibaryons given through
sin2 θ∓ =
1
exp(β(ǫ∗(k)∓ µ∗)) + 1 , (15)
with ǫ∗(k) = (k2 + M∗2)1/2 and µ∗ = µ − gωω0 as the effective energy and effective chemical potential, where
the effective nucleon mass M∗ = M + gσσ0. The baryon number density after subtracting out the pure vacuum
contribution is given as
ρrenB = γ(2π)
−3
∫
dk(sin2 θ− − sin2 θ+). (16)
In the expression for energy density arising from the scalar meson sector, the field dependent effective sigma mass,
Mσ(β), satisfies the gap equation in terms of the renormalised parameters as
Mσ(β)
2 = m2R + 12λRσ
2
0 + 12λRIf (Mσ(β)), (17)
where,
If (Mσ(β)) =
Mσ(β)
2
16π2
ln
(Mσ(β)2
m2R
)
+
1
(2π)3
∫
dk
sinh2 θσ(k, β)
(k2 +Mσ(β)2)1/2
, (18)
and,
sinh2 θσ =
1
eβω′(k,β)−1
; ω′(k, β) = (k2 +Mσ(β)
2)1/2. (19)
In equation (14d), Mσ,0 and If0 are the expressions as given by eqs. (17) and (18) with σ0 = 0. We might note
here that the gap equation given by (17) is identical to that obtained through resumming the daisy and superdaisy
graphs [19] and hence includes higher order corrections from the scalar meson field.
The thermodynamic potential, Ω, given by equation (12), after subtracting out the vacuum contributions, is now
finite and is given in terms of the meson fields, σ0 and ω0. Extremisation of the thermodynamic potential with respect
to the meson fields σ0 and ω0 give the self–consistency conditions for σ0 (and hence for the effective nucleon mass,
M∗ =M + gσσ0), as
d(∆ǫσ)
dσ0
+
γ
(2π)3
gσ
∫
dk
M∗
(k2 +M∗2)1/2
(sin2 θ− + sin
2 θ+) +
d(∆ǫren)
dσ0
= 0 (20a)
and, for the vector meson field, ω0, as
ω0 =
gω
m2ω
γ
(2π)3
∫
dk(sin2 θ− − sin2 θ+), (20b)
where sin2 θ∓ are the thermal distribution functions for the baryons and antibaryons, given through equation (15).
In Eq. (20a), the first term includes contribution from the scalar meson condensates. In the mean field approxima-
tion for the scalar mesons in the linear Walecka model, λR=0 and the energy density from the sigma meson is
1
2m
2
Rσ
2
0 .
This then corresponds to the relativistic Hartree approximation, with the last term in (20a) being the contribution
arising from the vacuum polarisation effects from the baryonic sector.
In the next section, we shall consider the meson properties (ω and ρ), calculated from the meson self energy, as
modified in the medium due to its coupling to nuclear excitations.
4
III. IN-MEDIUM MASSES FOR ω AND ρ VECTOR MESONS
We now examine the medium modification to the masses of the ω- and ρ-mesons including the quantum correction
effects in the hot nuclear matter in the relativistic random phase approximation. The interaction vertices for these
mesons with nucleons are given as
Lint = gV
(
ψ¯γµτ
aψV µa −
κV
2MN
ψ¯σµντ
aψ∂νV µa
)
(21)
where V µa = {ωµ, ρµa}, MN is the free nucleon mass, ψ is the nucleon field and τa = {1, ~τ}, ~τ being the Pauli matrices.
gV and κV correspond to the couplings due to the vector and tensor interactions to the nucleon fields.
The vector meson self energy is expressed in terms of the nucleon propagator modified by the quantum effects. This
is given as
Πµν(k) = −γIg2V
i
(2π)4
∫
d4pT r
[
ΓµV (k)G(k)Γ
ν
V (−k)G(p+ k)
]
, (22)
where, γI=2, is the isospin degeneracy factor for nuclear matter. In the above, Γ
µ
V represents the meson-nucleon
vertex function obtained from (21) and is given by
ΓµV (k) = γ
µτa − κV
2MN
σµν ikντa (23)
The nucleon propagator in the medium is given as
G(k) = (γµk¯µ +M
∗
N)
[ 1
k¯2 −M∗N 2 + iǫ
+ 2πiδ(k¯2 −M∗N2)η(k¯ · u)
]
= GF (k) +GD(k), (24)
where, k¯µ ≡ (k0+Σ0V , ~k) and the effective nucleon mass is M∗N =MN +ΣS , where the vector and scalar self energies
are given in terms of the expectation values for ω and σ fields as Σ0V = −gωω0 and ΣS = gσσ0. In the above,
η(p ·u) = θ(p ·u)fFD(z)+ θ(−p ·u)fFD(−z), with, fFD(z) = (1+ ez)−1, z = (p ·u−µ∗)/T and uµ is the four-velocity
of the thermal bath. The expectation values, σ0 and ω0, in the presence of quantum corrections, are determined
self-consistently through the equations (20a) and (20b) for the hot nuclear matter [15].
The vector meson self energy can be written as the sum of two parts
Πµν = ΠµνF +Π
µν
D . (25)
where,
ΠµνF = −2ig2V
∫
d4p
(2π)4
Tr
[
ΓµV (k)GF (p)Γ
ν
V (−k)GF (p+ k)
]
, (26a)
ΠµνD = −2ig2V
∫
d4p
(2π)4
Tr
[
ΓµV (k)GF (p)Γ
ν
V (−k)GD(p+ k)
+ ΓµV (k)GD(p)Γ
ν
V (−k)GF (p+ k)
+ ΓµV (k)GD(p)Γ
ν
V (−k)GD(p+ k)
]
. (26b)
ΠµνF is the contribution arising from the vacuum polarisation effects, described by the coupling to the NN¯ excitations.
The shift in the vector meson mass occurs through processes like V → NN¯ → V , where N represents nucleons in the
medium modified due to the quantum corrections. This Feynman part of the self energy, ΠµνF is divergent and needs
renormalization. For the ω meson, the tensor coupling is generally small as compared to the vector coupling to the
nucleons [11], and hence is neglected in the present work. We use dimensional regularization to separate the divergent
parts. The renormalized vacuum polarization tensor for the ω-meson is then given as [20],
ΠrenF (k
2) =
gω
2
π2
k2
{
Γ(2 − n/2)
∫ 1
0
z(1− z)
−
∫ 1
0
dzz(1− z) ln
[
M∗N
2 − k2z(1− z)
]}
− ξ, (27)
5
in which the last term arises from a counter term added in the Lagrangian given as
Lct = −1
4
ξV µνVµν . (28)
The renormalization condition to determine ξ is
ΠrenF (k
2)|M∗
N
→MN = 0. (29)
We finally arrive at
ΠωF (k
2) =
1
3
Re(ΠrenF )
µ
µ
= −g
2
ω
π2
k2
∫ 1
0
dzz(1− z) ln
[M∗N2 − k2z(1− z)
MN
2 − k2z(1− z)
]
. (30)
Because of the tensor interaction, the vacuum self energy for the ρ meson is not renormalizable. We employ a
phenomenological subtraction procedure [10,11] to extract the finite part using the renormalization condition
∂nΠρF (k
2)
∂(k2)n
|M∗
N
→MN = 0, (31)
with (n = 0, 1, 2, · · ·∞). Using dimensional regularization and the above subtraction procedure, we arrive at the
following expression
ΠρF (k
2) = − g
2
ρ
π2
k2
[
I1 +M
∗
N
κρ
2MN
I2 +
1
2
( κρ
2MN
)2
(k2I1 +M
∗
N
2I2)
]
(32)
where,
I1 =
∫ 1
0
dzz(1− z) ln
[M∗N2 − k2z(1− z)
MN
2 − k2z(1− z)
]
, (33)
I2 =
∫ 1
0
dz ln
[M∗N 2 − k2z(1− z)
MN
2 − k2z(1− z)
]
. (34)
In a hot and dense medium, because of Lorentz invariance and current conservation, the ground state structure of
the polarization tensor takes the form
Πµν = ΠT (k0, ~k)A
µν +ΠL(k0, ~k)B
µν , (35)
where the two Lorentz invariant functions ΠT and ΠL, characterizing the transverse and longitudinal projection
tensors. These are obtained through the contractions
ΠL = − k
2
|~k|2
uµuνΠµν (36a)
ΠT =
1
2
(
Πµµ −ΠL
)
, (36b)
with uµ being the four velocity of the thermal bath. In the above, A
µν and Bµν are the transverse and longitudinal
projection operators. The dispersion relation for the longitudinal (transverse) mode is obtained as
k20 − |~k|2 −m2V +ReΠDL(T )(k0, |~k|) +ReΠF (k0, |~k|) = 0 (37)
The in-medium mass for the vector meson (m∗V ) is defined as the lowest zero of equation (37) in the limit
~k → 0.
In this limit, ΠDT = Π
D
L = Π
D and we have [20],
6
13
Πµµ = Π = Π
D +ΠF , (38)
where the density dependent part for the self energy is given as
ΠD(k0, ~k→ 0) = −4g
2
V
π2
∫
p2dpF (|~p|,M∗N )
[
sin2 θ−(µ
∗, T ) + sin2 θ+(µ
∗, T )
]
(39)
with
F (|~p|,M∗N) =
1
ǫ∗(p)(4ǫ∗(p)2 − k20)
[
2
3
(2|~p|2 + 3M∗N2) + k20
{
2M∗N
( κV
2MN
)
+
2
3
( κV
2MN
)2
(|~p|2 + 3M∗N2)
}]
(40)
where ǫ∗(p) = (~p2 +M∗N
2)1/2 is the effective energy for the nucleon. The effective mass of the vector meson is then
obtained by solving the equation
k20 −m2V +ReΠ(k0, ~k = 0) = 0. (41)
As already stated, the ωNN tensor coupling is generally small (e.g. κω ≃ 0.1 in vector dominance model, whereas,
gω ≃ 10). Hence, we neglect the tensor coupling for the ω meson, in the present calculations. The vector coupling gω,
along with the scalar coupling gσ is fixed from the nuclear matter saturation properties.
For the nucleon-rho couplings, we use the vector and tensor couplings as obtained from the N-N forward dispersion
relation [11,20,21]. These couplings, however, do not take into account the medium effects. We also consider the
modification of the ρ-meson for the case when the ρ vector coupling to the nucleon is determined from the symmetry
energy for the nuclear matter, thus taking into account the medium dependence of the coupling. But since the
medium dependence of the tensor coupling is not yet known, we take it as a parameter and examine the effect of it
on the in-medium ρ meson mass. With the couplings as described above, we consider the temperature and density
dependence of the ω and ρ meson masses in the hot nuclear matter modified due to quantum corrections.
In the next section, we shall consider effect of quantum corrections on the strange meson (φ-meson) as coupled
to the baryons through a vector coupling in hyperon-rich matter [16]. The medium modification for φ-meson mass
occurs due to their coupling to the hyperons, as they do not couple to the nucleons by OZI rule [11]. It is observed
that the medium modification of the φ-meson mass is rather small as compared to the mass of the vector ω. This is
because of the fact the latter has a significant contribution from the coupling to the nucleon sector, and the φ-meson
has only contribution from coupling to hyperons which are rather insenstitive to the medium effects.
IV. φ- AND ω- MESON MASSES MODIFICATION IN HYPERON-RICH DENSE MATTER
The interaction for the vector mesons (φ and ω) with the baryons (B=N,Λ, Σ±,0, Ξ0,−) is given through the
interaction Lagrangian
Lint =
∑
B
gφBψ¯Bγ
µψBφ
µ (42)
The strange vector meson, φ, couples to the hyperons, but not to the nucleons [11]. Hence φ-mesons do not have
any mass modification in nuclear matter, but get modified in strange hadronic matter. The hyperon-rich dense matter
has been studied earlier in a nonperturbative treatment [16] including the vacuum polarizations from the baryons
(nucleons and hyperons) and scalar meson sector. This has been done in the context of structure of neutron stars and
so the condition of electrical charge neutrality has been imposed for the study of the strange hadronic matter. In the
present section, we study how the vector mesons (ω and φ) are modified in such a medium.
The vector meson mass in the medium obtained as a solution of the dispersion relation (41), now gets modified due
to contributions from the hyperons, and is given as,
k20 −m2V +
∑
B
ReΠB(k0, ~k = 0) = 0. (43)
7
To solve the above equation for the in-medium meson mass, we take the meson-hyperon couplings as determined
through the SU(3) symmetry [16,22,23] given as
1
2
gωΛ =
1
2
gωΣ = gωΞ =
1
3
gωN
2gφΛ = 2gφΣ = gφΞ = −2
√
2
3
gωN (44)
In the following section, we discuss the results obtained in the present calculations and discuss the effect of quantum
corrections arising from the scalar meson sector over those from the baryonic sector (corresponding to the relativistic
Hartree approximation).
V. RESULTS AND DISCUSSIONS
We first discuss the effect of quantum corrections on the in-medium nucleonic properties for the hot nuclear matter
[15]. In fig. 1, we plot the temperature dependence of the nucleon mass for various values of the baryon density.
The quantum corrections arising from the sigma field has the effect of the softening of the equation of state, and, a
higher value for the effective nucleon mass as compared to the RHA. The effective nucleon mass was seen to increase
with the vacuum polarisation effects arising from the baryons as compared to the MFT calculations [9,14]. Though
for ρ = 0, the effective nucleon mass decreases monotonically with temperature, for higher values of densities, the
nucleon mass first increases and then decreases as a function of temperature [24]. The variation in the nucleon mass
is very slow upto a temperature, T≃ 150 MeV, beyond which there is a fast decrease. Though qualitative features
are same for the in-medium mass with inclusion of quantum effects from the scalar meson sector, it is observed that
such effects lead to a higher value for the nucleon mass.
We next study the temperature and density dependence of the vector mesons in the hot nuclear matter. In figure
2, we plot the ω meson mass as a function of the temperature for various densities, with the ωN coupling along
with the scalar coupling gσ, determined from the nuclear matter saturation properties. In particular, for RHA,
C2v = g
2
ωM
2
N/m
2
ω = 114.7, and with quantum corrections from scalar mesons for self coupling, λR=1.8, C
2
v = 96.45,
respectively [14]. In Walecka model, the Dirac sea has been shown to have a significant contribution over the Fermi
sea, leading to a substantial drop in the omega meson mass in the nuclear matter [10,11,20]. Specifically, at saturation
density at T = 0, the decrease in the omega meson mass from the vacuum value, is around 150 MeV in RHA, whereas
with sigma quantum effects, the drop in the mass reduces to around 117 MeV. A similar reduction in the mass drop,
as compared to the RHA was also observed when scalar field quantum corrections were included within an one loop
approximation [8,23], unlike the approximation adopted here, which is self-consistent and includes multi-loop effects.
This means that the quantum corrections do play an important role in the medium modification of the vector meson
masses. In the present work, it is seen that the quantum corrections from the scalar mesons, over those arising from
the baryonic sector, have the effect of giving rise to a higher value for the ω-meson mass. This again is related to the
fact that effective nucleon mass is higher when such quantum effects are taken into account.
In figure 3, we illustrate the medium modification for the ρ meson mass with the vector and tensor couplings to
the nucleons being fixed from the NN forward dispersion relation [11,20,21]. The values for these couplings are given
as g2ρN/4π=0.55 and κρ=6.1. We notice that the decrease in the ρ meson with increase in temperature is much
sharper than that of the ω meson. Such a behaviour of ρ-meson undergoing a much larger medium modification
was also observed earlier [20], with the relativistic Hartree approximation for the nucleons. This indicates that the
tensor coupling plays a significant role for the ρ meson, which is absent for the ω meson. With inclusion of quantum
corrections from the scalar meson, the qualitative comparison between the ω and ρ vector mesons remains the same,
though these effects are seen to lead to larger values for the vector meson masses.
In the vector and tensor couplings of the ρ meson to the nucleons as determined from the NN forward scattering
processes [21] as considered above, any medium dependence of these couplings have not been taken into account. We
shall next consider the mass modification for the ρ meson, with the nucleon ρ coupling, gρ as determined from the
symmetry energy coefficient, asym, given as [25]
asym = (
gρ
mρ
)2 · k
3
F0
12π2
+
k2F0
6(k2F0 +M
∗
N
2)1/2
where kF0 is the Fermi momentum of nuclear matter at saturation density, ρ0. In our calculations, we choose
asym = 32.5 MeV, which gives the value for the nucleon-rho meson coupling as gρ = 6.82, 7.0, for RHA and λR =
1.8, respectively. However, in considering such a medium dependence of the vector coupling, it is assumed that the
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temperature dependence of such coupling is much smaller compared to its density dependence, and hence has not
been taken into account in the present work. We take the tensor coupling as a parameter in our calculations. since
the medium dependence of the tensor coupling is not known as yet. The in-medium mass of the ρ meson is plotted
in figure 4 for baryon density ρ/ρ0=0.5. It is observed that the ρ meson mass has a strong dependence on the tensor
coupling. For the same tensor coupling ≃ 6, the ρ meson mass is much lower (M∗ρ /Mρ ≃ 0.33) when the medium
dependence of the vector coupling constant is taken into account through the symmetry energy, as compared to the
value (M∗ρ /Mρ ≃ 0.65), when gρ is fixed from the N-N forward scattering processes.
In figure 5, the effective baryon masses, M∗B = MB + gσσ, in the hyperon matter are plotted as a function of the
baryon density at zero temperature, for RHA, and, with quantum corrections also from scalar mesons. The variation
of the hyperon masses are slower as compared to the nucleon masses. This is a reflection of a smaller coupling of
hyeprons to the scalar sigma field [16,22]. Further, we note that the decrease in the effective baryon mass with density,
is slower when quantum corrections from the sigma mesons through condensates are taken into account as was the
case for nuclear matter [14].
The medium modification for the vector mesons (ω and φ) in the hyperonic matter are plotted in figure 6. One
observes that the strange meson φ has smaller modification to the mass as compared to that of the ω meson. This is
due to the fact that φ-meson does not couple to the nucleons and also, the hyperon masses are rather insensitive to
the changes in the baryon densities as may be seen in figure 5. The strange meson (φ) mass modification observed as
small compared to the ω and ρ meson masses is in line with the earlier observations [4,11,23].
VI. SUMMARY
To summarize, we have considered in the present paper, the vector meson mass modifications due to quantum
correction effects in the hot and dense matter. The baryonic properties as modified due to such effects subsequently
determine the vector meson masses in the hot and dense hadronic matter. It has been recently emphasized that the
Dirac sea contribution dominates over the fermi sea, thus implying that the vacuum polarisation effects arising from
the baryonic sector do play an important role in the vector meson properties in a medium. In the present work, we
study the effect of quantum corrections arising from the scalar meson over those resulting from the baryon sector
(given through the summing over baryonic tadpole diagrams in the relativistic Hartree approximation). The quantum
corrections from σ-meson give rise to a higher value for the vector meson masses. Also, it is observed that the strange
vector meson (φ) has smaller medium modification in the hyperon matter as compared to the ω-meson similar to
earlier observations. This is a reflection of the facts that, firstly, the hyperon masses have much smaller modification
as compared to that of nucleons and, also, secondly, the φ-meson does not couple to the nucleons, whereas ω-meson
does have appreciable contribution from the coupling to the nucleons. The vector meson properties being modified
in a medium have an important role to play in the dilepton production in relativistic heavy ion collisions and it will
be interesting to investigate how the dilepton yield gets affected due to the quantum corrections in the hot and dense
matter. This and related problems are under investigation.
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FIG. 1. Effective nucleon mass as a function of the temperature for various values of the baryon densities for RHA and
λR=1.8. The quantum corrections from the scalar meson sector leads to an increase in the in-medium nucleon mass.
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FIG. 2. In-medium ω-meson mass as a function of temperature. The sigma meson quantum effects lead to an increase in the
vector meson mass.
FIG. 3. In-medium ρ-meson mass as a function of temperature and density for g2ρ/4pi = 0.55, κρ=6.1. The decrease is sharper
than that of the ω meson. The quantum corrections from scalar meson lead to a higher meson mass.
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FIG. 4. In-medium ρ-meson mass as a function of temperature and density, with the vector coupling gρ fitted from the
symmetry energy for the nuclear matter, and for various values of the tensor coupling. The quantum corrections from scalar
meson increase the vector meson mass.
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FIG. 5. Effective baryonic masses as a function of density for hyperonic matter. The nucleon masses vary much faster than
the hyperon masses. The quantum effects lead to an increase in the effective masses as compared to RHA.
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FIG. 6. Effective vector meson masses (φ and ω) plotted as a function of density for hyperon matter for RHA and λR=1.8.
The variation in the strange meson mass is rather slow as compared to the ω meson.
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